class of saturated cyclic ethers which owe their utility to a fortuitous combination of properties, some of which are listed in Table 1 . In particular, both liquids are miscible in all proportions not only with many organic solvents but, in spite of their comparatively low relative permittivities (dielectric constants), also with water. Especially in the case of dioxane-water mixtures, this property has allowed numerous important physicochemical studies of electrostatic effects in electrolyte solutions over a wide range of relative permittivities (2.2 < D < 78.5). Both compounds also have important industrial uses. For example, tetrahydrofuran is used as a solvent for polyvinyl chloride in printing inks, lacquers and adhesives, as well as an intermediate in the preparation of many industrial chemicals, e.g., by polymerization to polymethylene ether glycol, H f O-(CH2)4 ---0H, which is used in polyurethane technology (Ref. 5 .a). Dioxane is used as a solvent for natural resins and cellulose acetate, and it is an ingredient in numerous commercial formulations, e.g., in printing inks, paint removers and detergents. Its remarkable property of dissolving both water and paraffin wax is used to advantage in the preparation of histological sections for microscopic examination (Ref.
5.b).
The commercial preparation of tetrahydrofuran is carried out by catalytic hydrogenation of furan (III), which is obtained by catalytic decarbonylation of furfural (IV), which in turn is prepared by digesting such pentosan-containing agricultural residues as corncobs with dilute sulfuric acid (Ref. 5 .a). Dioxane may be manufactured by several methods, including dehydration of ethylene glycol with sulfuric acid and heating ethylene oxide or bis(-chloroethyl) ether with sodium hydroxide.
KEY SOLVENT PROPERTIES OF TETRAHYDROFIJRAN AND DIOXANE
The important property of complete miscibility of both tetrahydrofuran and dioxane with many organic solvents as well as water has led to a vast literature dealing with the properties and applications of such solvent mixtures. Dioxane is a useful solvent for perchloric acid as titrant. 
Tests for Peroxides
Peroxides can be detected and determined in ethers with iodide ion (Ref. Other Impurities
Tetrahydrofuran may contain a variety of impurities in addition to water and peroxide; e.g., on aging it produces butyric acid and butyraldehyde as well as their 4-hydroxy derivatives and other related compounds (Ref.
3) .
Dioxane also may contain aldehydes (removed by boiling with silver oxide), as well as acetic acid and glycol acetal (V). The acetal is removed by heating the dioxane over sodium metal or, when present in relatively high concentrations, by refluxing the dioxane with 10% of its volume of 1 M hydrochloric acid for several hours while passing a slow stream of air (better: argon or nitrogen) through the condenser to remove the acetaldehyde formed (Ref. 18 ).
PURIFICATION OF TETRAHYDROFURAN AND DIOXANE
Numerous procedures have been recommended for the purification of these solvents, typically involving some type of pretreatment followed by distillation from such reagents as sodium metal, sodium-potassium alloy, potassium hydroxide and sodium metal, and, in the case of tetrahydrofuran, also calcium hydride, lithium aluminum hydride, and anthracene or benzophenone plus sodium metal (Ref. 3, 18 ) .
In the case of dioxane, fractional freezing (including zone refining) has also been used. Anumber of exceptionally elaborate procedures have been described; typical of these are procedures for the purification of tetrahydrofuran and dioxane intended as solvents for organonetallic chemistry (Ref. 19 ) and of dioxane intended for kinetic studies monitored by ultraviolet spectrophotometry (Ref. 20) .
Quite generally, the purification of solvents should be tailored to their intended use.
We recommend the following procedure for the purification of both tetrahydrofuran and dioxane. In spite of its simplicity it is satisfactory for many purposes. It is to be understood, however, that additional steps may have to be included when the solvent is intended for unusual applications.
1. Dry the solvent by passing it slowly through a column packed with 3A molecular sieves activated by heating at 250°C for 24 h (20 gIL). 
SAFETY CONSIDERATIONS
While tetrahydrofuran is only moderately toxic (threshold limit in air: 200 ppm), it does form explosive mixtures with air in concentrations between 1.8 and 11.8% (vlv). Dioxane is much more toxic. Its threshold limit in air is 100 ppm, but it can also be absorbed through the skin. Its toxic effects include irritation to the eyes, nose and throat and, for large exposures, damage to the liver and kidneys. It also forms flammable mixtures with air in concentrations between 2 and 22% (v/v). Finally, the serious explosion hazard of both tetrahydrofuran and dioxane when they have been contaminated by peroxidation (which is particularly likely when inhibitors have been removed by purification and when light and moisture have been present) should be reiterated.
